Since the first introduction of prostate-specific antigen (PSA) as a screening tool in the 1980s, the accurate diagnoses of clinically significant prostate cancer remains a challenge. Analysis of a correlation between PSA levels and prostate biopsies of men with PSA 3 ng/mL or less in the placebo group of the Prostate Cancer Prevention Trial suggested that no "normal" PSA level exists. With the acknowledgement that PSA level is considered a continuum rather than a dichotomous marker, accurately diagnosing clinically significant prostate cancer is even more challenging. Nomograms are increasingly being used as tools in the clinical setting to address this challenge. Through incorporating multiple clinical factors, such as PSA, digital rectal examination, age, race, prostate volume, family history, and previous negative biopsy, risk calculators can improve sensitivity of diagnosis over using a PSA cutoff alone. This article discusses the rational for the use of nomograms and the advantages and limitations for the most commonly used nomograms. (JNCCN 2010;8:271-276) 
prostate-specific antigen (PSA) as a screening tool in the late 1980s induced both a clinical and pathologic stage migration that is believed to have contributed at least partly to the observed reduction in prostate cancer mortality since 1990. 3 The hope was that the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial in the United States 4 and the European Randomized Study of Screening for Prostate Cancer (ERSPC) would definitely answer the question of whether screening impacts prostate cancer mortality. 5 Unfortunately, the trials came to opposite conclusions; the PLCO showed no mortality benefit when an annual screening PSA of 4 ng/mL or greater or an abnormal digital rectal exam (DRE) triggered biopsy for diagnosis, whereas the ER-SPC showed a 20% reduction in prostate cancer-specific mortality. Many factors, including a high rate of prior screening, high drop-in rate, and delayed biopsies in the PLCO contributed to the differing results. At best the ERSPC shows that screening can reduce mortality by a modest degree.
Although PSA has been traditionally considered a dichotomous marker for prostate cancer risk, data from the placebo arm of the Prostate Cancer Prevention Trial (PCPT) challenge this notion. In this trial, men at average risk for prostate cancer (PSA < 3 ng/mL and normal DRE) were either treated with finasteride or placebo and followed up for 7 years, with biopsy performed either "for cause" (rise in PSA or suspicious DRE) or at the end of the trial. 6 Results found that 15% of men with a PSA less than 4 were diagnosed with prostate cancer on biopsy, with 2.3% of the cancers being highgrade or Gleason score 7 or greater. Most notably, results showed that there was no PSA below which the risk for cancer was zero and that no specific PSA level had sufficient sensitivity or specificity to be used as a diagnostic cutoff. 7 However, the data also showed that a man
In 2009 alone, an estimated 192,280 men will be diagnosed with and 27,360 will die of prostate cancer, 1 making it the most common cancer diagnosed in men after skin cancer and the second leading cause of cancer death. Although no cure is available for metastatic prostate cancer, treatment can be curative if it is caught early. The goal of early diagnosis and radical treatment was first suggested in 1905. 2 The introduction of ly opt for biopsy for any risk above zero, potentially increasing the likelihood of diagnosing biologically insignificant cancer. Two primary nonexclusive methods to evaluate the accuracy of nomograms are generally used. One is to evaluate the area under the curve (AUC) of the receiver operating characteristic (ROC). The ROC is a graphical plot of sensitivity versus specificity. A 100% accurate nomogram would yield a single point representing 100% sensitivity and 100% specificity (i.e., no false-positives or -negatives). This location at the upper left-hand side of a ROC curve is also called the perfect classification. Random predictions should theoretically be a y = x line or a diagonal line, which has been called the line of no discrimination. The AUC measures the area under ROC curves to create a single number to define accuracy. An ideal ROC would have an AUC of 1, whereas a random ROC would yield an AUC of 0.5. When predicting risk for an individual, a 95% confidence interval can also be used to provide a descriptor of the accuracy of the nomogram that can be useful during individual calculation. Recently a proliferation of predictive tools has attempted to improve the accuracy at which prostate cancer risk can be predicted.
This proliferation of nomograms brings to head the need for clinicians to critically analyze the available tools. When analyzing the current literature, the specific limitations of the proposed risk calculator must be considered (i.e., small cohort size, narrow cohort characteristics, or even the lack of multivariate analysis of all currently known risk factors for prostate cancer). The limitations of risk calculators in general are also important to acknowledge. To be valid, patients using the tool must have similar features to the cohort that was used to develop the nomogram. In addition, novel biomarkers of prostate cancer not available at cohort analysis for nomogram development may not be available as variables. Likewise, newly identified risk factors, such as lifestyle or obesity, will not be incorporated into available nomograms unless that information was available in the population used to develop the initial tool.
Unless a tool predicts high-versus low-grade cancer risk, overdiagnosis of low-grade cancers will continue. As clinical practice changes, previously developed nomograms will become invalid. For example, DRE is highly subjective, and as physicians rely increasingly on PSA for screening the sensitivity of with a PSA of 0.5 ng/mL has a different risk than one with a PSA of 3.9 ng/mL. The challenge is how to produce tools that capture all of the information contained in PSA levels and that can be used for counseling patients.
Factors other than PSA affect the risk for having prostate cancer and may be useful for risk stratification, including PSA velocity, PSA density, DRE, use of finasteride, age, race, family history of prostate cancer, and history of previous negative biopsy. In this discussion nomograms and risk calculators are essentially interchangeable terms. Nomograms are developed by analyzing large population data, thereby capturing the impact of all of these factors and allowing the prediction of individual risk. Nomograms can easily calculate the risk for linear, such as PSA, and categorical parameters, such as race, into a percentage risk that helps facilitate counseling discussions.
The advantages of nomograms are that the combination of multiple factors, each with an independent predictive value, can improve the accuracy of the prediction of prostate cancer risk over any one factor alone. Furthermore, the statistical models that underlie these tools can capture all of the information contained in a continuous variable. Additional advantages include the ability to validate the models in other cohorts to maximize generalizability and the ability to add new variables, including biologic markers, to the calculator as they are validated.
Another advantage of nomograms is that they eliminate the subjective bias of clinician estimates and provide a single prediction of risk to the patient. A challenge with this approach, however, is determining what positive predictive value is an acceptable threshold for biopsy. If prevailing wisdom suggests that a biopsy is indicated at a 25% risk, would a patient be comfortable with avoiding biopsy if he discovers he has a 24% risk of cancer? It is possible that nomograms, although improving accuracy of predictions, may also increase the percentage of patients getting biopsies and therefore may diagnose clinically insignificant prostate cancer. This effect may be tempered if available nomograms presented their risks as a risk range, given that nomograms are not 100% accurate. Typically nomograms aim for a total predictive accuracy greater than 70% to 80% to be valid. 8 A downside of presenting risk as a range is that patients may have difficulty interpreting ranges, and may either avoid biopsy if the range included zero, or aggressive-DRE may change. If this occurs, then patients with abnormal DREs 10 years ago are unlikely to be categorically similar to ones whose risk is calculated today. And finally, although a large amount of literature exists on the development of different nomograms, only survey data are available on their clinical use. 9 Even though decision aids, including prediction models, have been shown to impact patient's decision-making behavior, how nomograms change clinical outcomes is entirely unproven. 10 Although this paper focuses on reviewing the use of nomograms in the detection of prostate cancer, many other types of predictive tools are currently being developed, including risk groupings, artificial neural networks, probability tables, and classification and regression tree (CART) analysis. Artificial neural networks can be described as a computational model that is an adaptive system that changes structure based on a learning phase and is best used to model very complex relationships with unclear patterns among the data. Risk grouping includes assigning patients with prostate cancer into homogenous groups and predicting risk for similar future patients based on the findings of the previous risk group. Probability tables such as Partin staging tables will use multiple variables but will typically change linear data into categorical data sets. CART analysis take different inputs and then create a decision tree. Herein the characteristics, advantages, and limitations of the most commonly used nomograms to predict the presence of prostate cancer in clinically practice are described (Table 1) .
PCPT Risk Calculator
The PCPT risk calculator was developed from analyzing men in the placebo arm of the PCPT. 7, 11 This was a phase III randomized, double-blind, placebocontrolled trial comparing the rates of cancer in men taking finasteride versus placebo for 7 years. The placebo arm consisted of 5519 men with a PSA of 14 Although the study participants were overwhelmingly white, the results were externally validated with a more diverse population when analyzed against the San Antonio Center of Biomarkers of Risk for Prostate Cancer (SABOR) participants. No differences in risk could be attributed to age, family history, DRE, or ethnicity in the SABOR cohort. When comparing ROC curves for PSA alone and PCPT risk scores in the SABOR cohort, the PCPT risk score was only marginally better and the difference was not statistically significant. When examined specifically for African Americans, however, the PCPT calculator showed improved sensitivity and specificity. 15 
ERSPC Trial
Kranse et al. 12 created a nomogram to predict biopsy outcome by analyzing 8621 Dutch men between 55 and 74 years of age who were randomized to the screening arm of the ERSPC. No exclusion criteria were based on DRE or PSA levels. These men submitted an American Urologic Association (AUA) symptom score and then underwent 3 screening tests, including a PSA, TRUS, and DRE. They were offered a lateralized sextant biopsy if they had a PSA level of 4 ng/mL or greater and/or a suspicious finding on either TRUS or DRE. 12 A risk calculator based on the ERSPC data is available online at www.prostatecancer-riskcalculator.com. The online risk calculator, unlike the article published by Kranse et al., 12 is based on 6288 male participants with the same inclusion criteria as those analyzed in the published article.
One limitation of this study is that no further information is available on how the men included in the online version of the ERSPC risk calculator differ from those in the published study. A major limitation of this risk calculator is that no reference 3 ng/mL or less and who underwent PSA and DRE screening annually. They also underwent sextant biopsy if DRE was abnormal, for PSA greater than 4 ng/mL, or at the end the 7-year study. The results analyzed were those from men who had at least 1 PSA measurement and DRE in the year before biopsy and at least 2 PSA measurements performed during the 3 years before the prostate biopsy so that PSA velocity could be calculated.
The authors analyzed race, DRE, biopsy history, family history of prostate cancer, age, PSA, and PSA velocity within 3 years of biopsy. In this study population, family history (father, brother, or son with prostate cancer), PSA level, and presence of an abnormal DRE were independently associated with an increased risk for prostate cancer, whereas a previous negative biopsy was independently associated with a decreased risk. Interestingly, PSA velocity was highly associated with but not an independent predictor of prostate cancer, and therefore was not included in the final model. A separate analysis was performed to develop a risk calculator for high-(Gleason > 7) versus low-grade cancers.
11 This nomogram is available online at http://deb.uthscsa.edu/URORiskCalc/ Pages/uroriskcalc.jsp.
Limitations of this study include the fact that patients had low starting PSA and minimal lower urinary tract symptoms, which meant that the findings have not been validated for patients with benign prostatic hypertrophy. This is especially important given that other studies, most notably the ERSPC trial, show that statistically significant prostate volume, as measured with transrectal ultrasound (TRUS), is predictive of cancer. 12 Other limitations are primarily based on the study population, because the study overwhelmingly enrolled white, healthy, and well-educated men. The identification of race was a dichotomous factor in this study, with participants categorized as African American versus other, which is a limitation resulting from the minimal racial diversity of subjects enrolled. In addition, the AUC for this nomogram was only slightly higher than the in-sample AUC for PSA level alone: 0.72 versus 0.678, respectively. 13 This means that the independent risk factors (race, family history, abnormal DRE, and history of previous negative biopsies) provide only a slight improvement over PSA alone.
Advantages of this study include that it was a to accuracy is available online or included in the results. The online calculator does not use TRUS volume and instead incorporates AUA symptom score, a presumptive marker for prostate size. Previously published data have determined that TRUS size and AUA symptom score are only weakly correlated on linear regression analysis (R = .072). 16 Another limitation is that the published version of the risk calculator does not calculate AUC but instead illustrates adequacy of the model by stating that 95% confidence intervals of the expected number of cancers were within the range of the observed number. In this study, the prevalence of prostate cancer was low (5%), excluding prostate cancer found in patients with PSA less levels than 1. However, this could be because of biopsy technique and the variability of prostate size. Because of this, PSA level less than 3 predictions were incorporated into the risk calculator by extrapolating the logistic regression, and the risk calculator only predicts the result of a sextant biopsy. Both the published and online versions of this calculator do not delineate the risk for high-versus low-grade cancer, which theoretically increases the risk for overdiagnosis of clinically insignificant disease.
Advantages include the addition of TRUS and analysis of prostate volume as variables. In a separate study, hypoechoic lesions seen on TRUS in addition to PSA density calculations were shown to be independent predictors of prostate cancer. 17 This study showed that PSA, prostate volume, DRE, and TRUS were all more important predictors of prostate cancer than age, race, family history, or even the presence of a previous negative biopsy. 12 Given the importance noted of both prostate volume and TRUS findings, an advantage of this nomogram is the ability to incorporate these data into the prediction of likelihood or prostate cancer on biopsy.
Sunnybrook Prostate Cancer Risk Calculator
Nam et al. 18 developed a tool based on data from 3108 Canadian men, 408 of which had PSA less than 4.0 ng/mL. These men were analyzed by PSA, DRE, age, family history of prostate cancer, race, International Prostate Symptom Score, and free versus total PSA ratio. The AUC was determined to be 0.74 for all tumors and 0.77 for high-grade (Gleason ≥ 7) tumors compared with 0.62 to 0.69 for PSA alone, respectively. 18 This tool is available online at http://sunnybrook.ca/content/?page=Focus_OCC_ Care_GenUri_PRisk_Calc.
One major limitation is that this study has a minority of patients in the normal PSA range and although the AUC for this subset is 0.74, the confidence interval for this is wide (0.63-0.86) and overlaps the one for PSA alone. Given more patients, this may become more accurate, but currently the nomogram is less accurate for patients with PSA less than 4 ng/mL. Like the PCPT nomogram, this does not include an analysis of prostate volume because this was not measured in the cohort. This cohort had only a minority of different ethnicities with 82% white, 9% Asian, and 9% black. The impact of a previously negative biopsy was not evaluated. Other limitations are that the online version does not include an indication of the range of risk for each individual patient based on the accuracy of the nomogram.
A strength of this study is that it is being further validated with an analysis of 5000 additional Canadian patients with PSA greater than 4 ng/mL and 1000 with PSA less than 4 ng/mL. In addition to having plans for further external validation, this nomogram also delineates the likelihood of highgrade (Gleason ≥ 7) cancer, as well as the risk for any cancer.
Conclusions
The most fundamental reason to use a nomogram is to improve accuracy beyond using PSA cutoff alone. Schroder and Kattan 19 looked at the predictive tools available in review of the literature and found 12 studies showing improvements in AUC greater than PSA (range, 0.02-0.26), 5 of which had external validation. The ones presented earlier are those that are easily available online and most commonly used.
There is much excitement about the possible addition of genetic and novel biochemical markers to risk calculators. One biomarker, PCA3, has already been incorporated into the PCPT risk calculator. 14 Early prostate cancer antigen, although initially interesting, is unlikely to be clinically useful until further validation can be obtained, given the current controversies. 20 Several susceptibility loci have been identified that, when validated, might add to the di-
